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ABSTRACT - The cultivation of Spirulina on a large scale was not possible in raw sewage, un- 
less fortified with 1% NaHCO, and a suitable nitrogen source like Na NO, (0.1%) or commercial 
fertilizer N:P:K (0.05%) which produced yields comparable to those in Zarrouk medium. The 
alga seems to prefer higher pH (9-10.5) and bicarbonate ions for growth. Supplementation of 
commercial grade fertilizer N:P:K (0.05%) in place of Na NO, showed an average yield ranging 
from 1.8-2g dry wul culture which was comparable to NaNO, supplemented conditions, The al- 
gal biomass obtained from N:P:K supplementation showed level of protein content, pigments and 
macromolecule composition similar to nitrate grown cultures. In an open-pond system, a recharg- 
ing schedule of nitrogen sources for consistent optimum yield of alga with optimum protein level 
is worked out. 

RÉSUMÉ - La culture à grande échelle de Spirulina dans les eaux d'égouts n'a été possible qu'en 
lenrichissant avec NaHCO; (196) et avec une source appropriée d'azote telle que NaNO; (0,196) 
ou un fertilisant commercial N:P:K (0.05%) ce qui a permis d'obtenir des rendements compa- 
Tables à ceux obtenus avec le milieu de Zarrouck. Les pH élevés (9-10,5) et la présence d'ions 
HCO; semblent favorables à la croissance de cette algue. L'addition d'un fertilisant du commerce 
N:PK (0,050) à la place du NaCO; a permis d'obtenir un rendement de production moyen de 
1,8 A 2 g de masse séche par litre, comparable à celui obtenu avec des cultures enrichies par le 
NaNO. La biomasse algale obtenue en présence de N:PK présente des teneurs en protéines et 
des compositions pigmentaires et macromoléculaires semblables A celles obtenues en présence de 
nitrates, En bassin de culture, un schéma d'approvisionnement en azote permettant d'obtenir des 
rendements conséquents et optimaux en algues avec des teneurs optimales en protéine a été mis 
au point. (traduit par la rédaction) 
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INTRODUCTION 

The large scale cultivation of algae for single cell protein has been a persistent 
dream of biologists and engineers dating back to the famous "Carnegie Report" (Bur- 
lew, 1953). Among the green and blue-green algae, species of Spirulina have received 
greater attention as source of human food and poultry feed since it has been tradi- 
tionally consumed by the tribal people in central Africa and Mexico (Shelef & Soeder, 
1980). Large scale production of Spirulina under controlled and natural conditions 
have been demonstrated in France (Clement, 1975), Japan (Clement, 1978), Taiwan 
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(Soong, 1980), Germany (Soeder, 1978), USA (Goldman, 1979), Mexico (Durand- 
Chastel, 1980), and India (Saxena et al., 1983; Becker & Venkataraman, 1984). Culti- 
vation of green algae has been a successful story but its harvesting and processing 
have posed several technical limitations (Oswald, 1980). However, Spirulina has se- 
veral advantages over green algae like Chlorella, Scenedesmus and Coelastrum be- 
cause of high protein content (50-65%), well balanced amino-acid composition, low 
nucleic acid content and inexpensive harvesting procedure (Saxena ef al., 1983). Early 
cultivation of green and blue-green algae was confined to fresh waters using inorganic 
nutrients and high- priced nitrogenous compounds that made the production of algal 
biomass very expensive. Recently domestic, industrial, swine wastes and seawater sup- 
plemented with suitable nitrogen sources and bicarbonate have been used for culti- 
vation of Spirulina and a reasonable yield of algal biomass for animal feed and indus- 
trial implications has been obtained (McGarry, 1971; Kosaric et al., 1979; Oron et al., 
1974; Chung et al., 1978; Faucher et al., 1979; Tel-Or et al., 1980). In the present in- 
vestigation attempts have been made to grow the cyanobacterium Spirulina platensis in 
domestic sewage supplemented with commercial fertilizer N:P:K instead of expensive 
NaNO, with the view to utilize domestic waste for algal production and to minimize 

the production cost as well as environmental hazards. 

MATERIAL AND METHODS 

Organism and culture conditions - A strain of Spirulina platensis (ATCC 
29408) obtained from Prof. Riplay D. Fox (France) was used in the present study. The 
alga was grown routinely in Zarrouk's medium (1966) in a culture room maintained at 
25+1*C temperature and illuminated with 3000 lux light intensity for 16 h light and 8 
h dark cycle. Culture flasks were non-aerated and shaken manually several times a 
day. Microscopic observations of the algal samples were performed under light micro- 
scope (x 600) to identify the algal species and one Haemocytometer field was consid- 
ered for calculating the tentative relative frequency of the algal species. 

Measurement of growth and pigments of the alga - Increase in growth of 
alga was measured by optical density estimation at 660nm with junior spectrophotome- 
ter (E.C. Ltd, India). For dry weight estimation aliquotes of algal suspension were fil- 
tered on fine nylon net, washed with distilled water and dried overnight at 80°C before 
taking the weight. 

For pigment analysis algal pellet was extracted in 90% methanol or 95% ace- 
tone in dark and monitered spectrophotometrically. Quantity of chlorophyll and caro- 
tenoid were estimated according to Machinney (1941). Phycocyanin pigments were 
extracted in 20mM phosphate buffer pH 7.0 by repeated freezing and thawing and 
quantity was determined by the method of Myers & Kratz (1955). Total protein of the 
alga was determined according to procedure of Lowry et aL (1951). Total carbo- 
hydrate and lipids were estimated according to procedure describes earlier (Saxena et 
al., 1983). 

Outdoor cultivation of Spirulina - Lucknow city sewage collected during 
morning hours was filtered through cotton pads to remove coarse suspended particles 
and used in laboratory as well as in out door cultivation, Erlenmeyer conical flasks 
were used for growing the alga with sewage under laboratory conditions. Out door 
cultivation of alga was carried in concrete constructed 2m? basins operated at a depth 
of 15cm and stirred manually at regular intervals. During the experimental period the 
maximum day temperature was 36+1°C while minimum night temperature was 18£1*C 
and the maximum peak intensity during the day was 1600-1800 ! més , 
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Fig. 1: Growth pattern of Spirulina in different medium under cultural conditions, Zarrouk basal 
medium (0-0); Sewage + all ingredients of Zarrouk medium (e-e); Sewage + N:P:K + all 
ingredients of Zarrouk medium except NaNO; ( - ); Sewage + N:P:K + HCO, 
(Y-Y); Sewage + NO; or HCO; (A - A); raw sewage only (v- V). 
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The commercial fertilizer N:P:K having combination of 20% nitrogen, 54% 
phosphate and 26% potassium was obtained from Indian Farm and Fertilizer company 
and used through out the experiment, To start the out door cultivation a thick slurry of 
the algal stock was transferred to sewage containing bicarbonate and nitrate or N:P:K. 
Apparently there was no significant loss of algal viability due to osmotic or pH shock 
on transferring the alga to sewage medium. These aspects of adaptation of Spirulina in 
sewage has been standardised in our earlier studies (Saxena er al., 1981, 1983). 

RESULTS AND DISCUSSION 

Growth pattern of Spirulina platensis under controlled conditions in Zarrouk's 
basal medium showed a typical sigmoidal curve with an average final yield of 2-2.5 
g/l dry weight. Direct transfer of alga from basal medium to raw and settled sewage in 
laboratory resulted into chlorosis and finally the lysis of the alga. To determine wheth- 
er the lysis was due to the toxicity of sewage, or low pH (7.0-7.5) or deficiency of as- 
similable inorganic nutrients in sewage for algal growth. Therefore, the effect of forti- 
fying the cultures with different combinations of inorganic nutrients were tested to 
know the algal growth-limiting nutrient in sewage (Fig. 1). In parallel set the raw 
sewage was supplemented with all the ingredients of the Zarrouk medium showed 
maximum growth comparable to the control (Zarrouk medium). This indicate that sew- 
age does not contain any inhibitory effects on the growth of Spirulina and lysis of the 
alga in raw sewage is not due the toxicity of sewage. Addition of the ingredients of 
Zarrouk's medium to the sewage increased the initial pH (7-7.5) of sewage to 8-8.5. 
With increase in growth over the incubation period, pH of the sewage medium was in- 
creased to 10,5 after 2-3 days of growth. This is a normal phenomenon with photosyn- 
thetic organisms and is due to utilization of HCO, ions from the medium. These re- 
sults are analogous to earlier report of Kosaric et al,, (1979) and suggest that Spirulina 
prefers higher pH in the growth medium. In order to minimize the fortification of 
chemicals in sewage, various constituents of Zarrouk medium were eliminated from 
the fortified sewage suspension one by one and the growth pattern and yield was de- 
termined. Results demonstrated that NaNO, as nitrogen and NaHCO, as carbon 
source were the essential compounds required in quantity for optimum growth of Spi- 
rulina. Replacement of the rest of the ingredients contributed only slightly to the final 
yield of alga, From these results it may be presumed that sewage contains most of the 
micro-nutrients and elements in quantities sufficient to support the growth except for 
macro-nutrients like No; and carbonate which are essential to maintain optimum pH 
and nitrogen level in the medium for growth of Spirulina. 

In the attempt to determine the minimum quantities of nitrogen and carbon 
fortification are required for optimum growth and yield, sewage was supplemented in 
various combinations of NaNO; and NaHCO,. Results summarized in Table I showed 
that with increasing concentrations of nitrate and bicarbonate growth yield was in- 
creased. A combination of 0.2 % nitrate and 1.596 bicarbonate showed maximum yield 
(2.2 g/l dry weight). However, in order to economize the supplementation a combina- 
tion of 0.1% Na No, and 1% NaHCO, was selected. Results obtained with various 
combinations of bicarbonate and with N:P:K instead of NaNO, showed that the combi- 
nation of 0.05% N:P:K and 1.5% NaHCO, resulted in yields of Spirulina comparable 
to nitrate suplemented cultures. The growth pattern and curve of Spirulina in sewage 
with bicarbonate and N:P:K was almost similar to NO, supplemented cultures. Con- 
centration of N;:P:K higher than above was found toxic for the growth of alga whereas 
concentration below 0.05% showed poor growth of the alga (Table I), These results 
also suggest that Spirulina is either not able to use the combined organic nitrogen 
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available in the sewage or may be due to its high photosynthetic rate and strict pho- 
toautotrophic mode of growth the anaerobic bacteria are unable to degrade the com- 
bined nitrogenous substances into assimilable form. Whereas for cultivation of green 
algae in sewage such a high level of nitrogen fortification is not required (Shelef er al., 
1980). 

Table I - Growth yield of Spirulina platensis (g/l dry weight) in sewage supplemented with dif- 
ferent concentrations of NaHCO, and NaNO; or N:P:K 

NaHCO3 (%) 

N:P:K (%) 
001 
0.03 
0.05 
007 
0.1 

nt = no detectable growth was found. 

The strains of Spirulina adapted in N:P:K supplemented medium under labora- 
tory conditions were exposed to field conditions in sewage supplemented with 1% 
NaHCO, and 0.05% N:P:K. The outdoor cultivation of Spirulina is limited to several 
major factors like minerals, carbon-dioxide, pH, temperature, light and competing 
green algal species. Therefore, in attempt to adapt Spirulina in outdoor culture, a peri- 
odic observations of algal population, change in pH and major nutrients in sewage 
were monitored and results obtained are summarised in Table IL In the beginning se- 
veral wild algae such as Euglena, Phacus, Selenastrum, Ankistrodesmus, Scenedesmus, 
Chlorella, Phormidium, Myxosarcina, Chroococcus, unidentified uni-cellular blue- 
green algae and diatoms were the dominant species. However, with increase of pH 
from 8.2 to 9.5 the wild algal species started disappearing while the population of Spi- 
rulina started increasing. After incubation of 7 to 8 days, pH of the medium increased 
between 9.5 to 10 and most of the wild species of green and blue-green algae except 
Chlorella, Ankistrodesmus and Scenedesmus were significantly reduced and Spirulina 
was the dominant species. After 6 to 8 successive subculturing Spirulina was adapted 
and grow luxuriantly as the most dominant species under field conditions. 

For mass cultivation of Spirulina under field conditions a recharging schedule 
of two major nutrients was standardized to reduce the production cost of algal biom- 
ass. Results obtained are summarised in Fig. 2. From an open pond system harvesting 
of 10-20% of the algal suspension was done at intervals of 4 days, and the filterate 
was recycled back to the same culture to conserve the fortified chemicals. The con- 
centration of sewage was maintained daily by the addition of fresh sewage to the 
ponds, Simultaneously the level of nitrate and bicarbonate was estimated in the filter- 
ate which showed that after 30-40 days the amount of had decreased while the 
level of Na HCO, remained unchanged in the medium. This resulted in significant de- 
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Table II - Succession dynamics of algal species during acclimatisation of Spirulina under natural 
conditions in sewage fortified with 0.05% N:P:K and 1% NaHCO;. D: dominants; V: 
very high frequency; H: high frequency; F: frequent; M: moderate frequency; L: low 
frequency; R: rare; N: not traceable. 

Days 

ETT EFRERENEN 
Ankistrodesmus 
Characium 
Chlamydomonas 
Chlorella 
Chlorococcum 
Chlorococcus 
Diatoms 
Euglena 
Myxosarcina 
Oocystis 
Oscillatoria 
Pediastrum 
Phacus 
Phormidium 
Scenedesmus 
Selenastrum 
Spirulina 
Unicellular 
blue-green algas 
Trachelomonas 
Zooplancton 
pH of the sewage 
(extra cellular) 
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crease in the yield of the alga. Supplementation of N:P:K at this stage showed revival 
of growth and yield of Spirulina platensis. This suggested that under field conditions 
nitrate nutrient becomes a limiting source after 8 to 10 harvests and needs recharging 
whereas bicarbonate seems essential in maintaining the high pH, salinity and ionic 
equilibrium necessary for the optimum growth and sustained yield of alga. However, 
it is possible that under outdoor condition Spirulina may be simultaneously utilizing 
atmospheric CO, for growth, therefore, the level of HCO, is unaffected over the peri- 
od of incubation (Richmond, 1985). With this recharging schedule a consistent yield 
of 1 to 1.2 g/l dry weight (6-6.5 g dry/m?/day) can be obtained for total of 60-80 days 
in semi-continuous open pond system. Chemical analysis of the algal biomass obtained 
from sewage medium supplemented with either NaNO, or N:P:K is shown in Table 
III. Data showed that the level of protein, pigment and other macromolecules in N:P:K 
grown algal biomass was comparable to NO, supplemented cultures. From these stud- 
ies it may be suggested that commercial fertilizer like N:P:K can replace expensive 
NaNO; and with a regular recharging schedule of N:P:K a consistent yield of alga can 
be obtained from semi-continuous open pond system, This strategy is considerably 
more economical that the use of expensive nitrogen sources. 
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Table III - Chemical composition (% dry wt.) of Spirulina platensis grown in sewage under iden- 
tical conditions with different nitrogen sources. 

Sewage + bicarbonate 
+ nitrate 

Pigment composition 

Sewage + bicarbonate 
+ N:P:K 

Chlorophyll a - 0.76 - 0.94% 0.68 - 0.85% 
Phycocyanin - 0.80 - 1.01% 0.72 - 0.90% 
Carotenoids - 0.22 - 0.34% 0.19 - 0.35% 

Crude protein - 50 - 55% 45 - 50% 
Total carbohydrate - 18 - 20% 16 - 18% 

5.9 - 7.3% Total lipids - 6.5 - 9.0% 

Growth Yield (g/L dry wt) 

Days 

Fig. 2: Yield (g/l dry weight) of Spirulina under field conditions during periodic harvesting. and 
recharging with ingredients. Cultures were initially supplemented with 0,05% N:P:K 
and 1% NaHCO; and harvesting of 1/10th of the total volume was performed at 4 days 
intervals and filterate recycled back (0-0); same as above followed by recharging with 
0,05% N:P:K after 40 days as shown with arrow (+-+); same as above followed by suc- 
cessive recharging with 0,025% N:P:K after each harvest (e-e); no recycling of filterate 
and supplementation of fresh sewage, N:P:K and bicarbonate after each harvest (0-0). 
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